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S P ECI F I CA T I ON 

1. Title of the Invention: 

METHOD FOR FORMING A PROTECTIVE COAT FILM ON A SOLID BODY 

2. What is claimed is: 

1. A method for forming a protective coat film on a solid body, 
characterized by comprising the steps of: temporarily attaching or 
mounting a solid body on the surface of a tape-shaped carrier; forming 
on said solid body a first coat film, which is made of silicon, silicon 
carbide (Si^Ci-x, 0<x<l) or silicon nitride (Si3N4.x, 0 «<4) or alternatively 
which contains therein them as the main components thereof, either by 
permitting said solid body and said tape-shaped carrier to move from a 
first roll toward a second roll in a reaction chamber and then generating 
a plasma between said rolls using a DC current or a high-frequency 
voltage to thereby let a reactive gas used for formation of the first coat 
film be in the plasma state; and forming on said first coat film a second 
film containing as its main component either carbon or carbon with an 
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impurity doped thereinto by generating either in the same reaction 
chamber or a different reaction chamber a plasma using either a DC or 
high-frequency voltage; or alternatively, further comprising the step of 
causing the solid body with said coat film formed thereon to separate 
thereafter from said tape-shaped carrier. 

2. A method for forming a protective coat film on a solid body 
according to claim 1, characterized in that said solid body comprises an 
electronics component. 

3. A method for forming a protective coat film on a solid body 
according to claim 1, characterized in that the first and second coat films 
are formed at a temperature ranging from the room temperature to 
150 'C 

3. Detailed Description of the Invention: 
[Field of Applicability of the Invention] 

The present invention relates to a fabrication method of a complex 
structure having an undercoat film and a coat film on this film 
consisting of carbon or containing therein carbon as its main component 
and having an optical band width of 1.0 eV or more, in particular, 1.5 to 
5.5eV, which coat film is coated on the resulting formation surface of a 
solid body as temporarily attached to a tape-shaped carrier, thereby 
enhancing the slipperiness (smoothness) required when mounting in the 
SMT (surface mount technology to be referred to as the "SMT" 
hereinafter) on the surfaces of these solid bodies while protecting 
electronics components against accidental destruction due to generation 
of static electricity that can occur due to friction. 
[Prior Art] 

With regard to the carbon film coating technology, the subject 
inventor's Japanese Patent Application entitled "COMPOSITE BODY 
HAVING A CARBON COAT FILM AND MANUFACTURING METHOD 
THEREOF" (JPA 56-146936 filed September 17, 1981) is known. 
However, the techniques disclosed are completely silent about any 
examples of the case where the film formation is performed at a certain 
temperature equal to or less than 150*0, preferably at the room 
temperatures, wherein fabrication is done on the formation surface 
which is a solid body on a tape-shaped carrier containing as its main 
component an organic . resin material having the thermal resistivity 
event at such temperatures. 
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In addition, no .examples are described of the technique for first 
covering the solid body that has various kinds of material surfaces in 
the form of complexity with an undercoat film and then forming thereon 
a coat film consisting of carbon or containing carbon as its main 
component in a multi-layer structure. 
[Problem in the Prior Art] 

Conventionally, in regard to the carbon film, no examples have been 
described which take account of the adhesive property with respect to 
the surfaces of various kinds of materials, particularly, the surface of an 
oxide material or the metal surface. This adhesive property is 
important in view of the fact that the resultant coat film formed under 
the condition that a carbon film is formed at room temperatures (the 
surface can rise up to 150*C or less due to a plasma) tends to peel off. 
This low-temperature coat film fabrication method might be 
advantageous in offering the capability of achievement of a sufficiently 
large degree of hardness; however, the method is still faced with a 
problem that any films on a solid body can often peel off from the 
surface of such solid body. In particular, the mass production has been 
considered impossible where a solid body has several complex surfaces 
including, but not limited to, a ceramic surface and organic resin surface 
as well as metal surface plus glass surface while eliminating formation 
of a coat film at certain selected portions thereof (for example, external 
contact electrodes or the like), 
[Means for Solving the Problem] 

The present invention is for forming, on a solid body being 
temporarily attached to a tape-shaped carrier, a coat film as an 
undercoat film at a selected temperature falling within a range of- from 
the room temperature to 150"C, which film is a non-oxide 
material--espccially preferably, silicon, silicon carbide (Si^Q.^, 0<x<l) or 
silicon nitride (Si3N4.x, 0 ^x<4), or containing them as the main 
component thereof--and further plasma-surface coating thereon a coat 
film that is made of carbon per se or containing carbon as its main 
component in close contact with the former film, thereby enhancing the 
mechanical strength on the surface thereof, such as the hard-wearing 
property and the like with respect to_ loading robots used during an SMT 
process, while improving the smoothness with these loading robots. 

Especially, the adhesion property with respect to the solid body may 
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substanciall V be improved by forming, on a first coat film acting as the 
undercoat film, a second coat film that consists of carbon or contains 
therein carbon as its main component. In addition, the coat film which 
is made of carbon or contains carbon as its main component which is 
employed as the second coat film has its relative resistivity of 1 X L 0 ^5 to 
5 XlQi^ Qcm; accordingly, even when the static electricity takes place 
on this surface due to friction or the like, it will no longer happen that 
the solid body--that is, an electronics component, for example--is 
destroyed due to local convergence. For this reason, the present 
invention is featured in that the coat film that is made of carbon or 
contains carbon as its main component serves to form semi-insulative 
carbon of I X 10^ to 5 X 1013 Qcm which resembles in nature the 
diainond having the optical energy band width (referred to as "Eg") of 
l.OeV or more, preferably, ranging from 1.5 to 5.5eV. 

Another principal feature of the present invention lies in attempting 
to provide a composite structure having a specific coat film on the 
undercoat film that is made of an insulative undercoat material such as 
silicon with oxygen doped, silicon carbide (SixQ-x, 0<x<l) or silicon 
nitride (Si3N4.x, 0sx<4) in a singular or combined form, the former film 
being made of carbon having the amorphous (non-crystalline) structure 
with its hardness equivalent to that of the diamond and measuring 1000 
Kg/mm^ or greater in Vickers hardness--preferably 2500 Kg/mm2 or 
higher--or having the semi-amorphous (semiamorphous) structure with 
the fine crystallinity of 5 to 200A in size, or being made of what is 
called the "carbon" containing in this carbon a halogen element such as 
hydrogen or fluorine at an amount equal to or less than 25 atomic 
percent or alternatively trivalnt or pentavalent-group impurities doped 
thereinto up to a concentration of 5 atomic percent or less, or still 
alternatively containing such carbon as its main component (to be 
simply referred to as the "carbon" hereinafter in the present invention). 

A further feature of the present invention is that experimentation has 
demonstrated the capability to perform coating even on an organic resin 
film with no thermal resistivity due to the fact that it is possible to 
fabricate the solid body surface for formation of the undercoat material 
and the carbon at a specific temperature equal to or lower than 150*'C, 
preferably - at a temperature lower by 100 to lOOO^C than the 
temperature used in conventionally known CVD method. 
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A still further feature of the present invention is that the carbon on 
the top surface of the substrate is set at I X 10^ to 5 X 10 Qcm which 
is equivalent to the conductivity of semi-insulati ve materials by doping 
boron, which is a trivalent impurity, into this carbon to a concentration 
of O.l to 5 atomic percent to thereby provide a P-type carbon and also 
by doping phosphorus, which is a pentavarent impurity, into the carbon 
to a concentration of 0.1 to 5 atomic percent thus providing an N-type 
carbon. 

A yet further feature of the present invention lies in the use of a 
tape-shaped carrier as the base body, which carrier may be made of 
organic resin materials --including but not limited to PET (polyethylene 
terephthalate), PES, PMMA, Teflon, epoxy, poly imide--or comprised of a 
meS-h-like tape carrier made of metal, or alternatively, a tape carrier of 
paper. And while a solid body having a mixture of a semiconductor 
metal, ceramics, organic resin, magnetic material in a complex form--in 
particular, the individual parts such as semiconductor integrated 
circuits, transistors, diodes and the like--is temporarily attached or 
mounted on the tape-shaped carrier; while transferring it in a roll-to- 
roll (referred to as "RTR" hereinafter) scheme, a first coat film acing as 
the undercoat film is formed on the surface of such solid body on the 
tape-shaped solid body and then a second coat film made of a carbon 
film is formed on the first coat film. 

' In particular, the present invention is effective for the individual 
electronics parts or components having composite materials with several 
kinds of material surfaces, such as semiconductor integrated circuits, 
transistors, diodes, resistors, capacitors and so forth. 

The present invention remains especially effective with respect to 
those electrical components that employ abrasion resistant materials 
and at the same time require anti-slippcriness properties on the surface 
thereof. 

An explanation will be given of a fabrication method of a composite 
body as used in the present invention with reference to the 
accompanying drawings. 
[Embodiment 1] 

Fig. 1 shows an overview of a plasma CVD apparatus based on the RTR 
scheme for use in forming a coat film consisting of carbon or carbon as 
its main component in accordance with the present invention. 
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[n Che drawing, in a doping system (10), hydride is introduced as a 
carrier gas from (10-1), a carbide hydrogen gas which may be ethylene 
for example is introduced as a reactive gas from (10-2), C2F6 is from 
(10-3), ammonia of a pentavalent impurity and crime thy lamine 
(N(CH3)3) plus criechylamine C^(CzH<)3) are introduced from (10-4) via a 
valve (28) and a flow meter (29) into a reaction system (30) through a 
nozzle (25) thereof. Also, for use in forming an undercoat film, nitrogen 
is introduced from (11-1), disilane (Si2H6) is from (11-2), and methane 
or ethylene is from (11-3); for etching, S¥s or NF3 or C2F6 is introduced 
from (11-4) via the valve (28) and flow meter (29). It will be effective 
to apply, prior to arrival at this nozzle, microwave energy by (26) for 
excitation of the reactive gas. 

In the reaction system (30), movement is done from a first roll (4) to 
a second roll (5) by way of auxiliary rolls (6), (7). 

This auxiliary roll (7) comprises a spring (27) for providing a constant 
tensile force (tension) in order to prevent surface slack from taking 
place at a base body (1) of a tape-shaped carrier with a solid body being 
temporarily attached or disposed thereon. A first electrode (2) and 
tape-shaped carrier (1) comprising its formation surface as well as 
second electrode (3) are provided between the auxiliary electrodes, 
wherein electrical energy is applied between the pair of electrodes (2), 
(3) by a high-frequency electrode (15) and matching transformer (16) 
plus DC bias power supply (17) to thereby produce a plasma (40). An 
exhaust system (20) includes a pressure adjustment valve (25), turbo 
molecular pump (22) and rotary pump (23), through which an 
unnecessary gas may be exhausted externally. 

These reactive gasses are at 0.01 to 0.3 torr--for example, 0.1 torr--in 
a reaction space (40) and are applied with energy of 0.1 to 5 KW due to 
electromagnetic energy created by high-frequency wave application. A 
DCbias of -50 to -600V is applied by (17) to the formation surface. 

The reactive gas for formation of the first coat film is such that both 
disilane and hydrogen are introduced into the reaction chamber; then, 
high-frequency energy is applied thereto letting them in a plasma state 
to thereby form an amorphous silicon film. Alternatively, in the case of 
attempting to form a silicon carbide film, disilane and ethylene are 
introduced at the mixture ratio of G2H4/Si2H6 = 1- 

By rendering this ratio variable in a range of from 0.1 to 10, the value 
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of "x" in SixQ-.t may be varied. These have electrical resistance ranging 
from 10- to 10^0 while enabling the electrical conductivity to vary by 
irradiation of light. Due to this, use of a silicon nitride film may be 
recommendable when an attempt is made to form a dielectric films. 
Additionally, a low-class silicon oxide is employable with oxygen being 
doped therein to a concentration of 5 to 40 atomic percent. If an 
increased amount of oxygen exists such as in Si02, then the resulting 
adhesive property with carbon films might be lowered. In this case, 
silicon nitride Si3N4..x 0 ^x<4 was formed with disilane and nitride being 
mixed at the ratio of SiaHa/N^ = 0.01 to 0.1. 

Further, when an attempt is made to form a carbon film thereon, the 
reactive gas that has been used for formation of this first coat film is 
contpletcly removed away; then, a mixture of NH3 and N(CH3)3 was used 
as the reactive gas at the ratio of C2F6:C2H4:H2 = 1:1:5. The first 
electrode has a cooling means (9), wherein a coolant liquid is entered 
from (8) and exhausted to (8*) while it is held at temperatures of from 
150 to -100*C. Thus, a silicon nitride film is generated by plasma on the 
resultant formation surface by way of example, on which the carbon 
was formed by plasma, the carbon having either the amorphous 
structure or crystallite structure having the Vickers hardness of 
1000 Kg/mm2 or more and also having the smoothness with a great 
number of C-C combinations being formed therein, which combinations 
have the SF^ orbit. This electromagnetic energy is supplied at 50W to 
IKW while plasma energy of 0.03 to 3 W/cm^ was applied per unit area. 
In the case where this plasma density is great, or where the reactive gas 
has already been excited by microwave, it was possible to generate the 
carbon of the semi-amorphous structure having the fine crystalliaity of 
5 to 200A in size. The film formation rate is 100 to 1000 A/minute; in 
particular, the surface temperature was set at -50 to 150*C upon 
application of a negative-polarity DCbias of -100 to -300V. If this is the 
case, the hardness of more than 1000 Kg/mm- was attained as the 
Vickers hardness while its film formation rate was obtained to measure 
100 to 200A/minute. 

This reaction product is to be formed as a coat film on the top surface 
of the solid body (1), which was held by the cooling medium (9) at a 
predetermined temperature. Any residual impurities after completion 
of the reaction are exhausted from the exhaust system (20) via the 
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turbo molecular , pump and the rotary pump. The reaction system is 
kept at O.obl co 10 torr — typical ly , O.Ol to 0.5 torr--thus permitting 
creation of a plasma state (40) in the interior of such reaction system by 
the microwave (26) and high-frequency energy (15). In particular, 
where the excitation source is at frequencies of 1 GHz or higher, for 
example at 2.45 GHz, hydrogen is separated from the C-H combination; 
further, where it is at frequencies of from 0.1 to 50 MHz, for example, at 
13.56 MHz, the C-C combination and C-C combination are decomposed 
forming either C-C combination or C-C- combination whereby unpaired 
hands of carbon are forced to collide together into the covalent bonding 
state which may locally have stable diamond structure. 

In this way described above, it was possible to form a carbon coat 
filni on the surface of a solid body that is temporarily attached or 
mounted on the tape-shaped carrier and is comprised of semiconductor 
(silicon wafer), ceramics, magnetic material, metal or electrical 
component, the coat film being made of carbon, in particular, carbon 
with hydrogen being contained therein at 25 molecular percent or less 
and having P type, I type or N type conductivity. 
[Embodiment 2] 

Fig- 2 shows an example of composite body which is a solid body 
having a silicon nitride film that may be the undercoat film as 
fabricated by the manufacturing method of the Embodiment 1, and 
carbon being coated thereon. 

More specifically, as shown in Fig. 2(A), a solid body is temporarily 
attached to the top surface of a tape-shaped carrier, which solid body is 
an electrical component (45) (the shape of this solid body is determined 
into any desired forms depending on the material of a material. to be 
coated) or the like. This is then subject to the RTR method of Fig. 1 so 
that a silicon nitride film is formed on the surface to a thickness of 200A 
to 5 fim; further, carbon of 200A to 5jim thick is provided thereon to 
thereby obtain complex coat films (50). 

Further, after coating these complex films (50), these solid bodies (45)- 
are taken away from the tape-shaped carrier (41) for separation as 
shown in Fig. 2(B). 

One example of such electric components may be an SMT- 
semiconductor integrated circuit, resistor, capacitor, magnetic head, 
thermal head, or contact-type image sensor. 
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[Embodiment 3] . » 

In the present invention, while the rolls of Fig. I are located upside 
down, solid bodies (45) are mounted on the tape-shaped carrier as 
shown in Figs. 3(A), (B). On this solid body, a first coat film made of a 
chosen undercoat material was formed by the plasma CVD method that 
was shown in the Embodiment I. Further in Fig. 1, it may also be 
effective that after evacuation of a gas used therefor, carbon films are 
coated on this surface in a flow-process manner while transferring the 
tape-shaped carrier of Fig. 1 with its work being reversed in direction. 

In this case also, it will be effective that as one example of the solid 
body, a carbon film is coated on the top surface of a semiconductor 
wafer (45), e.g. a silicon wafer. This carbon film will also be effective 
for -elimination of occurrence of electrostatic destruction or breakdown 
because of the fact that it has the semi-dielectricity of 1 XIO^ to 5 X 
1013 Qcm in addition to formation of a silicon nitride film, and also has 
the smoothness. Furthermore, since the carbon film is excellent in 
thermal conductivity, it becomes possible to uniformly release any 
partial heat generation as a whole, such as at power transistor sections 
or the like in semiconductor integrated circuits. And, in the case of 
formation on the surface of a wafer, the carbon film was formed to have 
a thickness of 0.02 to 5jim--for example, 0.3 to Ijjun. This thickness may 
be increased because of no risks of disturbing the adhesive property 
due to the fact that the silicon nitride film is formed as the undercoat 
material to a thickness of 0.1 to 1 Mxn, which may in turn lead to an 
increase in thermal conductivity. 

Further, a resist for use during the selective removal process is 
selectively coated; then, only the bonding pad portions were removed 
away by plasma-etching of an oxide gas with regard to the carbon film 
and the silicon nitride film. Thereafter, the resist on these films was 
removed away. And, a carbon film was constituted on the upper surface 
of an IC chip as the final coat film. 

After execution of this coating, the probe test of the wafer was carried 
out; further, in order to provide respective IC chips, a carbon film is 
coated on the rear surface of each semiconductor chip through the scribe 
and break process steps; under this condition, die bonding and wire 
bonding were performed thus completing the intended ones. 
[Embodiment 4] 
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In this embodiment, the coat film made of the undercoat material and 
the carbon film were formed on the chips with semiconductor integrated 
circuits being formed thereon in advance, to thereby entirely cover the 
upper surface and the rear surface of the silicon semiconductor that has 
been subject to the scribe and break procedures, as shown in Fig. 2(B). 
In this case, bumps (external contact points) are formed using gold at 
pad sections of each silicon chip; then, these portions were temporarily 
attached to the tape-shaped carrier. Thus, it is possible to permit the 
resulting complex film for electrostatic breakdown elimination to cover 
all the remaining parts other than the bumps even when the solid body 
is separated from the tape-shaped carrier as shown in Fig. 2(B), because 
of the fact that the complex film is not formed at the temporary 
attached portions only. 

With such an arrangement, it was possible to entirely expand the local 
heat generation more rapidly by power transistors or the like. 

In addition, blocking with respect to sodium ions was also possible. Of 
course, this carbon film may be such that other silicon oxide films or the 
like are left between aluminum wiring lines or on this carbon film. 
[Effect] 

The method of the present invention is extremely effective for use 
with electrical parts or members, such as in SMT, which members partly 
have different material parts that may travel while rubbing the surface 
thereof. In particular, since this carbon film is significant in thermal 
conductivity, it becomes possible to entirely uniformly release heat as 
generated due to the high-speed tape-shaped carrier's travelling, which 
may in turn make it possible to eliminate increase of the local 
temperature and its associative degradation of the characteristics of 
magnetic heads. To this end, many characteristics are effectively used 
in combination, including the abraasion resistant property, anti- 
electrostatic breakdown property, high thermal conductivity, high 
smoothness unique to carbon films, and other characteristics concerned. 

As apparent from the foregoing explanation, the present invention 
constitutes a complex device structure including an organic resin film or 
glass made composite thereinto, magnetic material, . metal or ceramic, 
and further semiconductor or a composite body thereof for provision of 
a silicon nitride film acting as the undercoat material on the surface of a 
solid body having surfaces of these composite materials, and also a coat 
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film that is cjaate^d on the film and is made of carbon or contains therein 
carbon as its main component. 

This composite structure offers expanded applicability as seen in 
many embodiments; in particular, regarding this undercoat material, in 
the case where insulation is not specifically required, the undercoat 
material may be silicon, silicon carbide, or silicon containing therein 
oxygen at microdose of 3 X lO^o cm-3 or less. Alternatively, where the 
insulation is required, an organic material may be used as the undercoat 
material while carbon is formed thereon at low temperatures of 150'C 
or lower. 

The present invention is featured in that it is considerably excellent in 
adhesive property with respect to solid bodies due to provision of the 
undfercoat film. 

The ceramic in the present invention may alternatively be alumina, 
zirconia, carborundum, or still alternatively, may be applied to a 
superconductive material such as BiCaBaCuO or the like, and also to 
YBCO-system oxide superconductive materials. 

It is also noted that the magnetic material may also be rare earth 
magnets such as samarium, cobalt or the like, amorphous magnetic 
materials, or shape-anisotropic magnetic materials such as iron oxide or 
the same with either nickel or chromium or the like being coated 
thereon. 

4. Brief Description of the Drawings: 

Fig. 1 is a diagram showing an overview of a manufacturing apparatus 
of the roll-to-roll scheme type for use in forming both an undercoat film 
and a coat film consisting of carbon or containing carbon as its main 
component on the formation surface of a base body. 

Fig, 2 and Fig, 3 show embodiments of the composite body of the 
present invention. 
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